Objective: To compare the efficacy and tolerability of celecoxib and ibuprofen for the treatment of knee osteoarthritis symptoms. Method: In this 6-week, multicentre, double-blind, non-inferiority trial, patients were randomized to 200 mg celecoxib once daily, 800 mg ibuprofen three times daily or placebo. The primary outcome was non-inferiority of celecoxib to ibuprofen in Patient's Assessment of Arthritis Pain (scored 0-100). Secondary outcomes included the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index, Pain Satisfaction Scale, and upper gastrointestinal tolerability. Results: A total of 388 patients were treated (celecoxib n ¼ 153; ibuprofen n ¼ 156; placebo n ¼ 79). Mean difference (95% confidence interval) between celecoxib and ibuprofen in the Patient's Assessment of Arthritis Pain was 2. 76 (À3.38, 8.90). As the lower bound was greater than À10, celecoxib was non-inferior to ibuprofen. The WOMAC total score was significantly improved with celecoxib and ibuprofen, versus placebo. Patients receiving celecoxib were significantly more satisfied (versus placebo) in 10 of 11 measures on the Pain Satisfaction Scale versus three measures with ibuprofen. Upper gastrointestinal events were less frequent with celecoxib (1.3%) than ibuprofen (5.1%) or placebo (2.5%). Conclusion: Celecoxib was well tolerated and as effective as ibuprofen for symptoms associated with knee osteoarthritis.
Introduction
Osteoarthritis (OA) is the most common form of arthritis, and is a major cause of disability and chronic pain in adults.
1,2 Even though OA can involve single and/or multiple peripheral joints, including the knee, hip and hand, 1 the knee is the most common joint localization of symptomatic OA. 2 Knee OA, affecting > 250 million people worldwide, has significant effects on patient function and considerable societal costs in terms of work loss, early retirement and joint replacement. 3 The results of the OA process are cartilage degradation and bone remodelling; these features are associated with the development of symptoms of pain, stiffness and functional disability. 1 In the current paradigm, the structural changes represent the disease, whereas the symptoms of aching, discomfort, pain and stiffness represent the illness for which patients seek medical care. 4 Current treatment of OA is based on symptom management, primarily pain control, and relies on a combination of nonpharmacological and pharmacological approaches that are generally tailored to the patient's needs and risk factors. 5 Clinical guidelines recommend the use of oral nonsteroidal anti-inflammatory drugs (NSAIDs) in patients with persistent symptoms that have not responded adequately to paracetamol with or without topical NSAIDs. 6 NSAIDs are the most frequently prescribed medicines for OA, 4 yet they have significant toxicity, especially among the demographic groups in which the disorder is most prevalent. 7 Therefore, care should be taken because NSAIDs are associated with upper 8 and lower 9, 10 gastrointestinal harm, acute renal failure 11, 12 and increased cardiovascular risk. 13, 14 Celecoxib is a selective NSAID indicated for the treatment of the signs and symptoms associated with OA. 15 Its efficacy in relieving pain and inflammation and improving physical function in patients with OA has been established, [16] [17] [18] [19] [20] [21] and it has a better gastrointestinal tolerability profile relative to nonselective NSAIDs. 22 The relative effectiveness of celecoxib versus diclofenac and naproxen for the treatment of OA is well documented in individual clinical studies and meta-analyses. 3, 18, 19 However, despite celecoxib and ibuprofen being commonly used NSAIDs globally, little comparative efficacy data from randomized controlled trials are available in the published literature. Although, there are limited indirect comparisons available, with recent meta-analyses suggesting comparable efficacy. 3, 23 More knowledge of the comparative efficacy of these compounds would be helpful for patients, physicians, payers and policymakers, in order to formulate rational treatment algorithms for OA. Therefore, the purpose of this study was to assess the efficacy of 200 mg celecoxib once daily compared with 800 mg ibuprofen three times daily, in patients with OA of the knee. The study included four visits: screening, baseline, week 2 and week 6 or early termination. The screening visit occurred within 1 to 14 days prior to the first dose of study medication. Between screening and baseline, patients discontinued use of any NSAID and/or analgesic therapy. Acetaminophen/paracetamol (up to 2 g/day) was permitted as rescue analgesia for the treatment of arthritis symptoms during the pretreatment screening period. Patients were to discontinue use of acetaminophen/ paracetamol at least 24 h prior to the baseline arthritis assessments. Patients were assigned to a treatment regimen according to a predetermined computer-generated randomization schedule to receive one of three regimens: 200 mg celecoxib once daily, 800 mg ibuprofen three times daily or placebo in a 2:2:1 ratio. Patients were randomized separately based on their pain status at baseline. Two separate randomization schedules were used for patients with baseline assessments of Arthritis Pain 69 mm and ! 70 mm on a 100-mm visual analogue scale (VAS). Use of analgesic medication for the treatment of arthritis symptoms was prohibited throughout the study period, but use of stable doses of aspirin ( 325 mg/day) for cardiovascular prophylaxis was allowed.
Efficacy evaluations were conducted in the per-protocol analysis (PPA) population and in the modified intent-to-treat (MITT) population; safety evaluations were conducted in the safety population. Both the MITT and safety populations included all patients who were randomized and received at least one dose of study drug. The PPA population was the subset of the MITT population who had no major protocol violations and completed all four visits, including at baseline.
The study was conducted in compliance with the ethical principles originating in, or derived from, the Declaration of Helsinki and in compliance with the Independent Review Boards at each participating centre, informed consent regulations and International Congress of Harmonisation Good Clinical Practice Guidelines. In addition, all local regulatory requirements were followed. Written informed consent was obtained prior to the patient entering the study (e.g. before initiation of protocolspecific procedures). The trial was registered with ClinicalTrials.gov at the US National Institutes of Health (ClinicalTrials.gov identifier: NCT00630929).
Patients
Patients who were ! 40 years of age with a clinical diagnosis of OA of the knee according to the American College of Rheumatology guidelines, in a flare state and with a Functional Capacity Class of I to III were eligible for participation. 24 For patients who had been receiving NSAID or analgesic therapy, which was discontinued 48 h prior to the baseline visit, OA flare was defined as Patient's Assessment of Arthritis Pain between 40 and 90 mm on a 100-mm VAS, and an increase of one or more grades in both the Patient's and Physician's Global Assessments of Arthritis (scored from 1, 'very good', to 5 'very poor', based on impact of symptoms) between screening and baseline visits. 25 In patients whose OA was not controlled and who had not been receiving treatment for their OA, OA flare was defined as Patient's Assessment of Arthritis Pain between 40 and 90 mm on a 100-mm VAS, and a rating of 'poor' or 'very poor' in both Patient's and Physician's Global Assessments of Arthritis.
Patients were not eligible if they had inflammatory arthritis or gout/pseudogout or had experienced an acute flare within the past 2 years (patients with fibromyalgia were not excluded), previously had or anticipated a need for surgical or other invasive procedures on the joint with OA during the study or had received oral corticosteroids within 4 weeks or paracetamol within 24 h. Other exclusion criteria were malignancy or history of malignancy; active gastrointestinal disease; history of gastrointestinal perforations, obstructions or bleeding; cardiac, renal and/or hepatic disease; coagulation disorders or known hypersensitivity to cyclooxygenase (COX)-2 inhibitors, aspirin, NSAIDs or sulfonamide medication.
Study treatment
The three study treatment regimens consisted of 200 mg celecoxib once daily, 800 mg ibuprofen three times daily or placebo. Celecoxib capsules were administered orally as 200 mg capsules. Ibuprofen 800 mg tablets were administered orally. The double-dummy method of blinding was used where placebo capsules/tablets that were indistinguishable from celecoxib and ibuprofen were used to achieve doubleblinding (both investigator and patient were blinded to the study medication). The treatment period was 6 weeks.
Assessments
The primary efficacy analysis was comparison of the change from baseline to week 6 in the Patient's Assessment of Arthritis Pain measured on a 0-100-mm VAS in patients treated with 200 mg celecoxib once daily, 800 mg ibuprofen three times daily, or placebo, and analysed using the PPA population. In addition, the Patient's Assessment of Arthritis (VAS) at week 6 was analysed for the MITT population. 
Statistical analyses
A sample size of 100 patients per active treatment group was estimated to provide 80% power to detect a 95% confidence interval (CI) within the acceptable margins, assuming that the true treatment difference was zero and assuming a standard deviation of 25 mm and a type-1 error rate of 0.05. For placebo, a sample size of 60 patients was estimated to provide 80% power to detect a difference of 15 mm between the active treatment group and placebo (assuming a standard deviation of 25 mm). The primary efficacy measure, change from baseline to week 6 in the Patient's Assessment of Arthritis Pain score (VAS), was analysed using a general linear model with treatment and centre as fixed effects and baseline score as a covariate in the PPA population. All pairwise comparisons were conducted. Celecoxib was declared to be as effective as ibuprofen if the lower bound of the two-sided 95% CI of the treatment difference (ibuprofen-celecoxib) lay above À10 mm in the PPA population. 26 All secondary efficacy analyses were assessed in the MITT population. The 24-item WOMAC scale and subscales were analysed using a general linear model with treatment and centre as fixed effects, and baseline WOMAC scores as a covariate. The Patient's and Physician's Global Assessments of Arthritis and Pain Satisfaction Scale scores were analysed using the Cochran-Mantel-Haenszel test (row-mean-score-test), stratified by centre. Safety analyses were evaluated in the safety population (patients who were randomized and received at least one dose of study medication). The incidence of upper gastrointestinal events was analysed using twotailed Fisher's exact test. A P-value < 0.05 was considered statistically significant.
Results

Patient disposition and baseline characteristics
Of the 388 patients randomized, 153 received 200 mg celecoxib once daily, 156 received 800 mg ibuprofen three times daily and 79 received placebo. Demographic and baseline characteristics were similar across the three treatment groups ( Table 1 ). The mean age was 62.2 to 64.5 years, the majority of patients were female (70%-74%) and the mean duration of OA was 5.1 to 6.4 years. A total of 381 patients received at least one dose of study medication and had at least one post-baseline OA pain assessment, and comprised the MITT population ( Figure 1 ). From the MITT population, 80 patients (n ¼ 29 celecoxib, n ¼ 29 ibuprofen and n ¼ 22 placebo) were excluded due to major protocol deviations, the remaining 301 patients were included in the PPA population. Of the 381 patients in the MITT population, a total of 312 patients completed the study (i.e. participated in the 6 weeks of the study): 127 (83.0%) in the celecoxib group, 129 (82.7%) in the ibuprofen group and 56 (70.9%) in the placebo group. A total of 76 patients discontinued from the study prematurely, 21 (n ¼ 5 in the celecoxib, n ¼ 11 in the ibuprofen and n ¼ 5 in the placebo groups) as a result of adverse events (AEs). The remainder of the patients were either withdrawn for other reasons (i.e. protocol violations, did not meet entrance criteria) or Table 1 . Demographic and baseline osteoarthritis (OA) characteristics in patients with OA of the knee who participated in a 6-week, multicentre, randomized, double-blind, placebo-controlled, active comparator, parallel-group study to assess the efficacy of 200 mg celecoxib once daily compared with 800 mg ibuprofen three times daily. defaulted (lost to follow-up or no longer willing to participate in the study). There were no patient deaths during the study.
Treatment efficacy
Patient's Assessment of Arthritis Pain (VAS) mean scores were similar among the three treatment groups at baseline ( As the lower bound of the two-sided 95% CI was greater than the pre-specified noninferiority margin of À10, the primary endpoint (non-inferiority of celecoxib to ibuprofen on Patient's Assessment of Arthritis Pain score at week 6 in the PPA MITT, modified intent-to-treat; PPA, per-protocol analysis; QD, once daily; TID, three times daily.
(P ¼ 0.0182). The proportion of patients whose condition 'improved' with ibuprofen (45.0%, 68 of 151) was not significantly different from the proportions in patients receiving celecoxib or placebo.
Physician's global assessment of arthritis
At week 6, a greater proportion of patients in the celecoxib (51.7%, 78 of 151) and ibuprofen (46.4%, 70 of 151) groups had their arthritis condition rated as 'good' or 'very good' compared with the placebo group (35.9%, 28 of 78) (Figure 2a ). This difference was significant for celecoxib compared with placebo (P ¼ 0.0027), but not for ibuprofen versus placebo or for celecoxib versus ibuprofen. The proportion of patients whose OA condition 'improved' from baseline to week 6 was greater in the celecoxib group (49.0%, 74 of 151) than in the ibuprofen (41.1%, 62 of 151) or placebo (37.2%, 29 of 78) groups, but these differences were not statistically significant.
WOMAC OA score
There were significant improvements in total WOMAC OA score and individual domain scores in the celecoxib and ibuprofen groups compared with placebo ( Figure 2b ). For example, both active treatment groups were significantly improved versus those in the placebo group in the measures of: total domain (P ¼ 0.0014, celecoxib versus placebo; P ¼ 0.0202, ibuprofen versus placebo); 
Pain satisfaction scale
A greater proportion of patients in the celecoxib and ibuprofen groups than in the placebo group agreed with the Pain Satisfaction Scale questions (Table 3) . Patients treated with celecoxib were significantly more satisfied than those receiving placebo on 10 of the 11 Pain Satisfaction Scale questions, including those related to duration and onset of pain relief; effect on physical health; outlook on life; ease in performance of daily activities and leisure activities; improving independence, relationships with others and mood; and allowing easier movement. Although a greater proportion of celecoxib-treated patients, compared with placebo-treated patients, agreed that 'My pain medication allows me to concentrate better', this was not significant. Significantly more patients in the celecoxib group, compared with the ibuprofen group, agreed with the statements, 'My pain medication allows me to perform daily activities more easily' (70.9% versus 62.0%, respectively; P ¼ 0.033) and 'My pain medication allows me to participate in my leisure activities more often' (70.9% versus 60.0%, respectively; P ¼ 0.020). In the ibuprofen group, a significantly greater proportion of patients, compared with placebo, agreed with three of the 11 statements: 'I am happy with the duration of pain relief provided by my pain medication' (P ¼ 0.003), 'My pain medication relieves my pain quickly enough' (P ¼ 0.015) and 'My pain medication improves my mood' (P ¼ 0.036).
Safety
A total of 100 patients reported 136 treatment-emergent AEs ( There were no deaths, but one patient (a 79-year-old female receiving concomitant aspirin and with a history of cardiac arrhythmia) in the ibuprofen group experienced two serious AEs (aggravated hypertension and congestive heart failure), considered by the investigator to be unrelated to study medication. There were no serious AEs in the celecoxib or placebo groups.
Upper gastrointestinal events (sum of moderate or severe abdominal pain, dyspepsia and/or nausea) were reported less frequently with celecoxib (1.3%, 2 of 153) than in the ibuprofen (5.1%, 8 of 156) or placebo (2.5%, 2 of 79) groups, although these differences were not significant (Table 4) . Treatment-related AEs reported by ! 2% of patients in any treatment group are presented in Table 4 . Dyspepsia, abdominal pain and upper gastrointestinal events were reported by more ibuprofen-treated patients, whereas diarrhoea was reported by more celecoxib-treated patients.
Discussion
In this 6-week non-inferiority study, celecoxib (at 200 mg/day) was as effective as high-dose ibuprofen (2400 mg/day) for the treatment of pain associated with OA. Although the efficacy of celecoxib compared with diclofenac and naproxen in relieving pain and improving physical function in patients with OA has previously been established, [16] [17] [18] [19] [20] [21] to date there has been little direct MITT, modified intent-to-treat; NS, no statistically significant between-group differences (P ! 0.05).
evidence comparing celecoxib with ibuprofen, despite ibuprofen being one of the most commonly used NSAIDs. In this present study, both active treatments resulted in significant improvements, compared with placebo, in the pain, physical function and total domains of the WOMAC OA Index. This is consistent with previous indirect comparisons between celecoxib and ibuprofen that have suggested they have comparable efficacy. 3, 23, 27 However, in this present study, only celecoxib resulted in significant improvements in the stiffness domain when compared with ibuprofen or placebo. In a chronic disease such as OA, it is particularly important to assess the degree of patient satisfaction with treatment. Given the changes in symptom severity over time, together with the occasional need to switch treatments, based on reduced efficacy or tolerability, patient satisfaction may be a more accurate measure of the overall effectiveness of a treatment. [28] [29] [30] Patients in the present study were significantly more satisfied with celecoxib treatment than placebo on all but one of the 11 measures of the Pain Satisfaction Scale. This measure, 'allows me to concentrate better,' was also the sole measure with a nominally higher proportion of satisfied patients receiving ibuprofen than celecoxib (54.1% celecoxib versus 56.0% ibuprofen and 45.5% placebo). Patients receiving ibuprofen were significantly more satisfied than those receiving placebo on only three of the 11 measures.
Patient satisfaction in the present study was also assessed by the Patient's Global Assessment of Arthritis, in which patients receiving celecoxib were significantly more likely than those receiving placebo to rate their condition as 'good' or 'very good' at endpoint. However, the proportion of patients receiving ibuprofen who rated their condition as 'good' or 'very good' at endpoint was not significantly different from the proportion receiving placebo. These results suggest that, in general, patients receiving celecoxib were more likely to be satisfied with their treatment than patients receiving ibuprofen. It has been suggested that, because patient perception of the effectiveness of a treatment can be an indication of its suitability, measures of patient satisfaction should be included in clinical trials and in the overall evaluation of any treatment. 31 This is supported by studies demonstrating that patient satisfaction with treatment improves with switching to a more effective treatment option. 30, 31 Because the duration of this present study (6 weeks) was shorter than that of several previous studies, [16] [17] [18] 21 it could be argued that the results may not extrapolate to longer treatment periods. However, a previous trial demonstrated that improvements in pain and patient and physician perceptions that were apparent after 6 weeks were maintained for up to 12 weeks of celecoxib treatment. 18 Celecoxib was well tolerated compared with placebo and ibuprofen. The proportion of patients with an upper gastrointestinal event was higher with ibuprofen than with celecoxib. Given the low number of events in this study, the lack of a significant difference between active treatment groups is not surprising. However, this trend is consistent with the findings from pooled and metaanalyses, which have suggested that there is a lower risk of gastrointestinal events with celecoxib than with ibuprofen or other NSAIDs. 17, 22, 32 There were two serious AEs in this study, aggravated hypertension and congestive heart failure, both of which occurred in a single patient treated with ibuprofen. This patient, a 79-year-old female, was receiving concomitant aspirin during the study and had a history of cardiac arrhythmia. Although these serious AEs were not considered to be related to study treatment, the potential for drug-drug interactions between aspirin and nonselective NSAIDs, such as ibuprofen, should be noted. Evidence, particularly for ibuprofen among traditional NSAIDs, suggests that these treatments may interfere through competitive interaction with COX-1, 33 and that regular use of ibuprofen, particularly when ingested before aspirin, may abrogate the well-established cardio-protective benefits of the latter medicine. 34, 35 Celecoxib, as a COX-2-specific NSAID, does not appear to have this effect on these benefits of aspirin. 36 It should be noted that the dose of ibuprofen used in this study, 800 mg three times daily, is the maximum daily dose permitted in Europe and the US for the treatment of OA. In many clinical situations, either over-the-counter or with a prescription, a lower dose would likely be used. 37 Recent European guidance offered by the Pharmacovigilance Risk Assessment Committee suggests that although the overthe-counter doses (up to 1200 mg/day) of ibuprofen carry no increased risk of cardiovascular toxicity, the maximum licensed dose should be avoided in patients with existing cardiovascular disease because of similar levels of cardiovascular toxicity to COX-2 inhibitors (including the recently reclassified diclofenac). 38 While this study was not designed, or powered, to evaluate cardiovascular safety, there was no notable difference in cardiovascular toxicity between ibuprofen and celecoxib. The present findings are largely consistent with the most recent, and largest, meta-analysis that demonstrated that while some COX-selective inhibitors, including supra-therapeutic doses of celecoxib (800 mg/day), are associated with an increased risk of cardiovascular toxicity versus placebo, celecoxib and ibuprofen pose similar levels of cardiovascular risk. 39 Further information on cardiovascular safety, in a population of arthritis patients with higher cardiovascular risk, will be provided by the ongoing Prospective Randomized Evaluation of Celecoxib Integrated Safety versus Ibuprofen Or Naproxen (PRECISION) trial. 40 In summary, the results from this present study show that celecoxib is as effective as, and in some measures more effective than, high doses of ibuprofen for the treatment of symptoms associated with OA of the knee. Celecoxib improved measures of pain, OA symptoms and patient satisfaction, and was well tolerated compared with placebo and ibuprofen. These data may be useful for physicians when making treatment decisions in patients with OA.
